simply, we might simply double the term for the relative siring success of males compared with hermaphrodites ( Figure 2 ). The previous implausibility of androdioecy in P. angustifolia was thus not due to the unavailability of an appropriate theoretical framework, but rather to a violation of the simple implicit assumption that all hermaphrodites are potential sires for all progeny. The genetic details exposed by Saumitou-Laprade et al.'s study [10] are fascinating and unexpected, but androdioecy in P. angustifolia can be explained by the old paradigm after all, which simply compares the expected relative siring prospects of different sexual phenotypes.
on a cross-compatibility advantage of males. Heredity 85, 413-422. 14. Hiscock, S.J., Kuees, U., and Dickinson, H.G. (1996) . 
Cytokinesis: ER Keeps Mid1 in the Middle
How cells mark the region of the plasma membrane where the cleavage furrow will assemble is a classic question in cell biology. A new study has shown an unexpected role for cortically associated endoplasmic reticulum in positioning the site of cell division.
Dannel McCollum
To ensure proper segregation of chromosomes and cytoplasmic components to each daughter cell, the position of the cleavage furrow must be precisely specified. Although the components of the cell division apparatus are highly conserved between fungi and metazoans, the mechanisms for placing the cell division apparatus vary widely [1] . For example, in budding yeast, the division site is determined by the position where the cell initiates bud formation at the beginning of the cell cycle. In metazoans, signals from the astral microtubules and spindle midzone appear to dictate cleavage furrow positioning. The question of how the division plane is placed has also been intensively studied in the rod-shaped fission yeast Schizosaccharomyces pombe, revealing a surprisingly complex system for specifying the position of the cleavage furrow. A new study published in this issue of Current Biology by Dan and colleagues [2] now provides evidence for a role for cortical endoplasmic reticulum (ER) in positioning of the division plane. S. pombe uses a combination of spatial cues to position the division site, including inhibitory signals from the cell tips, and positive signals from the nucleus [3] [4] [5] [6] [7] . Genetic studies in S. pombe showed that the anillin family protein Mid1 is the major cortical determinant of division-site placement [3, 4] . The Mid1 protein shuttles between the nucleus and the medial cell cortex overlaying the nucleus [4] . In interphase, the majority of the Mid1 is in the nucleus; however, upon mitotic entry, Mid1 exits the nucleus to form a broad band of spots at the medial cortex ( Figure 1) . The Mid1 spots then recruit myosin and actin-nucleating proteins to generate a meshwork of actin filaments in the middle of the cell. It has been proposed that myosin motor activity and actin bundling cause compaction of the actin network and the Mid1 spots into the mature actomyosin ring [8] (Figure 1 ). Thus, regulation of Mid1 localization is central for determining the position of the actomyosin ring and the site of cell division.
Initial observations of Mid1 localization suggested that the localization of Mid1 to the medial cortex is determined by a combination of Mid1's affinity for the cortical membrane and nuclear shuttling. In S. pombe, the nucleus is maintained in the cell center through a microtubule-dependent mechanism [9] . Thus, upon exiting the nucleus Mid1 binds the closest region of the cortex to the nucleus. Recycling of Mid1 from the cortex to the nucleus could limit the width of the cortical Mid1 band by returning it to the nucleus before it spreads too far towards the cell tips. However, mathematical modeling indicated that simple diffusion of Mid1 from the nucleus to the nearest region of the cell cortex would result in too broad a band of Mid1 to keep the division apparatus restricted to the cell middle [7] . This observation prompted further studies which showed that restriction of Mid1 to the medial cortex is explained at least in part by inhibitory signals from cell tips [6, 7] . The new work by Dan and colleagues [2] now demonstrates that the cortical ER network also plays a role in restricting Mid1 to the medial cortex, revealing yet another mechanism for restricting Mid1 localization.
Dan and colleagues [2] made the unexpected finding that proteins predicted to be involved in the regulation of ER morphology are required to retain Mid1 in the medial cortex. The ER consists of three distinct but connected regions: the nuclear envelope, peripheral tubules, and peripheral sheets [10] . In yeast, much of the ER sheets and tubules are closely associated with the plasma membrane. Each type of structure is maintained by separate classes of ER proteins, with the ER tubules being shaped by the integral membrane proteins of the reticulon (Rtn1) and DP1/Yop1 families. Loss of both classes of proteins in yeast and mammalian cells shifts the balance of the peripheral ER from tubules to sheets [11, 12] . Dan and colleagues [2] examined the function of these protein families in S. pombe. They found that deletion of Rtn1, Yop1, and an associated protein Tts1 caused a shift in ER architecture towards a more sheet-like morphology. Strikingly, these cells also had profound defects in the positioning of the cell-division site and often assembled misplaced and disorganized actomyosin rings (Figure 1) . In normal cells, all three proteins (and presumably the ER tubules) concentrate in the region of the actomyosin ring during cytokinesis. When Mid1 localization was examined, it revealed that in cells lacking Rtn1, Yop1, and Tts1, Mid1 was more broadly distributed across the cortex in early mitosis compared with wild-type cells.
Furthermore, Mid1 was observed to turn over more rapidly at the membrane in cells lacking Rtn1, Yop1, and Tts1, consistent with an increase in its lateral diffusion. Dan and colleagues [2] also found that localization of the ER tubules and cleavage furrow components were interdependent, since Mid1 and the actomyosin ring are required for concentration of ER tubules in the medial region of the cell in late mitosis. Thus, it appears that not only does the tubular ER restrict diffusion of Mid1, but in turn Mid1 compaction may drag the cortical ER with it to the cell middle.
The authors suggest that loss of the tubular ER promoting proteins causes a shift in the cortical ER structure to a more sheet-like network. They propose that the network of cortical ER tubules acts as a diffusion barrier to keep Mid1 concentrated in the cell middle. These results provide insight into several previously unexplained results. For example, one study showed that movement of the nucleus causes similar movement of Mid1 spots along the cell cortex [13] . Given that the nucleus is connected to the cortical ER network, nuclear movement might also trigger movement of cortical ER and associated Mid1 spots. Other studies pointed to a potential role for Mid1 in ER organization. One portion of the ER forms the nuclear envelope. Overexpression of Mid1 caused accumulation of nuclear-envelopeassociated lamellar membranes [14] .
It will be interesting in future studies to determine whether the level of Mid1 influences the balance between the different forms of the ER.
Finally, this work raises a number of interesting questions. For example, how does the apparent diffusion barrier created by the tubular ER proteins work, and how directly are Rtn1, Yop1, and Tts1 involved in restricting Mid1 mobility? Rtn1, Yop1, and Tts1 could directly bind to Mid1, or alternatively, their function in promoting ER tubules could be what is important. It will be worthwhile examining whether the tubular ER network restricts the mobility of other membrane proteins besides Mid1. It will also be of interest to determine the generality of this type of system. Animal cells have a cortical meshwork of cytoskeletal elements that could serve a role in anchoring membrane components. Because yeast lack this cortical meshwork, it is easy to see how the cortical ER network could fulfill this role. Although plasma-membrane-associated ER is not as prominent in mammalian cells, the ER has been observed to have close associations with the plasma membrane and other membrane systems, such as the Golgi, mitochondria, and peroxisomes [10] . These associations are thought to be involved in vesicle or lipid transfer between compartments, but it is possible that these associations could, as in this study, restrict membrane diffusion in regions of the associated membrane compartment. Thus, the principles discovered by this work could have broad implications for organization of cellular membrane systems.
A recent study of a specific type of retinal amacrine cell shows how a single interneuron can implement a large number of parallel feedback circuits, illustrating how highly complex circuits can be generated by a small number of neurons.
Timm Schubert and Thomas Euler
Not too many years ago, the canonical textbook neuron could be quickly summarized: it integrated synaptic input received by its dendrites, applied a threshold and, depending on the result, in an all-or-nothing fashion, generated a spike that ran along its axon to the next neuron(s) in the network. Today, we know that neurons are complex and extremely diverse structures [1, 2] : they can contain multiple processing units that perform complicated computations in parallel, with different degrees of interaction. In a recent study, Grimes and co-authors [3] dissected the biophysical mechanisms that allow such parallel processing in a single neuron, using the example of a retinal interneuron that takes this to an extreme. By combining electrophysiology, two-photon calcium imaging and modeling, they elegantly demonstrate that a single A17 amacrine cell in the rat retina provides the retinal circuitry with more than a hundred local feedback units that -under certain conditions -act largely independently. With up to 40 morphologically distinct types, amacrine cells are the largest class of retinal interneurons [4] ( Figure 1 ). Many lack dedicated output structures, such as an axon, and their dendrites serve both to receive and relay synaptic input and output, respectively. Amacrine cells may provide the neuronal 'hardware' for a substantial number of the computations performed by the retina; in view of this it is surprising that, to date, approximately 100 years after the morphological diversity of amacrine cells was first described, the function of only a few types is well understood. With a dendritic field diameter of approximately 400 mm in the rat retina, A17 cells belong to the subclass of wide-field amacrine cells, which are typically associated with tasks involving some sort of spatial or spatio-temporal interaction. For instance, 'polyaxonal' amacrine cells [5] connect distant regions of the retina and have been implicated in object segregation [6] . 'Starburst' amacrine cells compute the direction of image motion in their dendrites [7] , with dendritic branches acting as largely independent detection units (reviewed in [8] ). In contrast, Grimes et al. [3] , describe a very local role for the A17 cell, in which its extended dendritic plexus subserves the formation of individual local feedback circuits with single bipolar cell axon terminals -rather than providing the substrate for surround inhibition, as previously discussed [9] .
The morphology of the amacrine cell referred to as A17 in rat or cat [10, 11] , and as S2 in rabbit [12] , is extremely well conserved across mammalian species: A17 cells extend dozens of rather thin dendrites bearing small varicosities, which form reciprocal GABAergic feedback synapses onto the axon terminals of rodphotoreceptor-selective bipolar cells. This characteristic morphology and straight-forward synaptic connectivity makes the A17 cell an attractive candidate for research of retinal signal processing; indeed, there have been a substantial number of A17 studies over the past couple of years [10, 13, 14] . Given their large dendritic field, it has been proposed that A17 cells mediate receptive field surround inhibition of rod bipolar cells [9, 14, 15] . This view has been challenged by Grimes et al. [3] , who suggest that under low light conditions -the actual physiological working regime of the rod pathway -A17 cells are not
